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OBJECTIVE — To estimate the prevalence of diagnosed cancer according to duration of di- 
agnosed diabetes and current insulin use among U.S. adults with diagnosed diabetes. 

RESEARCH DESIGN AND METHODS— We analyzed data from 25,964 adults aged 
>18 years with diagnosed diabetes who participated in the 2009 Behavioral Risk Factor Sur- 
veillance System. 

RESULTS — After adjustment for potential confounders, we found that the greater the dura- 
tion of diagnosed diabetes, the higher the prevalence of diagnosed cancers (P < 0.0001 for 
linear trend). Among adults with diagnosed type 2 diabetes, the prevalence estimate for cancers 
of all sites was significantly higher among men (adjusted prevalence ratio 1.6 [95% CI 1.3-1.9]) 
and women (1.8 [1.5-2.1]) who reported being diagnosed with diabetes >15 years ago than 
among those reporting diabetes diagnosis < 15 years ago. The prevalence estimate for cancers 
of all sites was -1.3 times higher among type 2 diabetic adults who currently used insulin than 
among those who did not use insulin among both men (1.3 [1.1-1.6]) and women (1.3 [1.1- 
1.5]). 

CONCLUSIONS — Our results suggest that there is an increased burden of diagnosed cancer 
among adults with a longer duration of diagnosed diabetes and among type 2 diabetic adults who 
currently use insulin. 



Growing evidence from epidemio- 
logical studies suggests that diabe- 
tes is associated with an increased 
incidence or prevalence of certain types 
of cancer (1-3). While the exact biolog- 
ical mechanisms linking diabetes and 
cancer risk are still unknown, it has 
been proposed that insulin — or insulin- 
like growth factor, hyperglycemia, insu- 
lin resistance, or hyperinsulinemia — and 
chronic inflammation may play an 
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important role in the diabetes-cancer 
relationship (1,2). 

Duration of diagnosed diabetes may 
reflect cumulative exposures to diabetes- 
related underlying causes, medications, 
complications, and health risk factors. 
Little is known about the association 
between duration of diagnosed diabetes 
and cancer. Furthermore, there is contro- 
versy as to whether insulin therapy may 
increase or decrease cancer risk in people 



with diabetes. Recent clinical trials have 
reported positive (4-6), insignificant 
(7,8), or negative (9) associations be- 
tween insulin use and risk of cancer in 
European countries, the U.S., and China. 
Identifying an association between insu- 
lin use and cancer may provide useful in- 
sight for both patients and health care 
providers regarding choice of diabetes 
medications. To determine whether lon- 
ger duration of diagnosed diabetes and 
current insulin use are associated with 
increased prevalence of cancer among 
adults with diagnosed diabetes, we 
analyzed a large population-based sample 
from the 2009 Behavioral Risk Factor Sur- 
veillance System (BRFSS) in the U.S. 

RESEARCH DESIGN AND 
METHODS— The BRFSS is a standard- 
ized telephone survey that assesses key 
behavioral risk factors, lifestyle habits, 
and chronic illnesses and conditions 
among adults aged >18 years in all U.S. 
states, District of Columbia, and territories 
annually. In 2009, the BRFSS collected 
data using a landline sampling frame, 
and the median cooperation rate and re- 
sponse rate among states were 75.0 and 
52.5%, respectively (10). BRFSS data 
have consistently been found to provide 
valid and reliable estimates compared 
with results from other national house- 
hold surveys (11). 

Assessment of diagnosed diabetes 

Diabetes status was ascertained by asking 
participants, "Have you ever been told 
by a doctor that you have diabetes?" Re- 
sponses were coded as "yes," "yes, but fe- 
male told only during pregnancy," "no," 
"no, pre-diabetes or borderline diabetes," 
"don't know/not sure," and "refused." Par- 
ticipants who had an affirmative answer 
to this question were considered to have 
diagnosed diabetes; however, gestational 
diabetes mellitus was coded as "no" dia- 
betes. Thirty-eight states/District of Co- 
lumbia/U.S. territories collected data on 
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diabetes-related information using the Di- 
abetes Module in 2009: Alabama, Alaska, 
Arizona, Connecticut, Delaware, the Dis- 
trict of Columbia, Florida, Georgia, 
Guam, Illinois, Indiana, Iowa, Kentucky, 
Louisiana, Massachusetts, Minnesota, 
Missouri, Montana, Nevada, New Hamp- 
shire, New Jersey, New Mexico, North 
Carolina, North Dakota, Ohio, Pennsyl- 
vania, Puerto Rico, South Carolina, Ten- 
nessee, Texas, Utah, Vermont, the U.S. 
Virgin Islands, Virginia, Washington, 
West Virginia, Wisconsin, and Wyoming. 
Age at diabetes diagnosis (years) and cur- 
rent insulin use were determined by partic- 
ipants' self-report. Duration of diagnosed 
diabetes (years) was calculated by sub- 
tracting age at diabetes diagnosis from cur- 
rent age. Respondents were classified as 
having type 1 diabetes if their age at diag- 
nosis was <30 years and they used insulin 
currently. Persons were classified as hav- 
ing type 2 diabetes if their age at diagnosis 
was >30 years or if their age at diagnosis 
was <30 years and they did not use insu- 
lin currently (12). 

Assessment of diagnosed cancer 

Cancer status was ascertained by asking 
participants, "Have you ever been told 
by a doctor, nurse, or other health pro- 
fessional that you had cancer?" Responses 
were coded as "yes" or "no." Those re- 
sponding "yes" were asked the following 
question: "With your most recent diagno- 
ses of cancer, what type of cancer was it?" 
A total of 10 major cancer sites/tracts and 
29 cancer types were included in the sur- 
vey: cancer of the breast, the female re- 
productive tract (cervix, endometrium, 
and ovary), the male reproductive tract 
(prostate and testicles), the head/neck 
(head and neck, oral cavity, pharynx, 
and thyroid), the gastrointestinal tract 
(colon, esophagus, liver, pancreas, rec- 
tum, and stomach), leukemia/lymphoma 
(Hodgkin's lymphoma, leukemia, and 
non-Hodgkin's lymphoma), skin (mela- 
noma and other skin cancer), lungs, the 
urinary tract (bladder and kidney), and 
other sites (heart, bone, brain, neuroblas- 
toma, and other). Age at cancer diagnosis 
was determined by participants' self-report. 
Participants who had a cancer diagnosis 
prior to a diabetes diagnosis were ex- 
cluded from this study. 

Assessment of covariates 

To examine the potential confounding ef- 
fects for the association between duration 
of diagnosed diabetes and cancer, we se- 
lected the following variables as covariates: 



demographic characteristics included sex, 
age (years), race/ethnicity (non-Hispanic 
[NH] white, NH black, Hispanic, and NH 
other), and educational attainment (less 
than high school, high school, or some 
college or above). Health insurance cov- 
erage at the time of survey (any kind of 
health care coverage vs. none) was ascer- 
tained by participants' self-report. 

Smoking status was classified as cur- 
rent smokers (have smoked at least 100 
cigarettes during their entire life and 
smoked in the past month), former smok- 
ers (have smoked at least 100 cigarettes 
during their entire life but did not smoke 
in the past month), and never smoked. 
Heavy drinking was defined, for adult 
men, as consuming on average more than 
two drinks per day. For adult women, 
heavy drinking was defined as consuming 
more than one drink per day. BMI (weight 
in kilograms divided by the square of 
height in meters) was calculated by using 
self-reported weight and height. Obesity 
was defined as BMI >30 kg/m 2 (13). 
Leisure-time physical activity (any vs. 
none) was ascertained by asking the ques- 
tion, "During the past month, other than 
your regular job, did you participate in any 
physical activity or exercise such as run- 
ning, calisthenics, golf, gardening, or 
walking for exercise?" Work-related phys- 
ical activity was determined by asking em- 
ployed or self-employed participants, 
"When you are at work, which of the fol- 
lowing best describes what you do? 
Would you say: 1 = mostly sitting or 
standing, 2 = mostly walking, and 3 = 
mostly heavy labor or physically demand- 
ing work?" We generated a new variable 
by combining the employment status and 
work-related physical activity as follows: 
1, employed at a job spent mostly sitting 
or standing; 2, employed at a job spent 
mostly walking, performing heavy labor, 
or doing physically demanding tasks; and 
3, not employed (including those who 
were unemployed, homemakers, stu- 
dents, those who were retired, and those 
who were unable to work). 

Statistical analysis 

We reported the demographic character- 
istics, distribution of behavioral risk fac- 
tors and lifestyle habits, diabetes-related 
characteristics, and cancer prevalence ac- 
cording to duration of diagnosed diabe- 
tes. Prevalence ratios (PRs) for cancers of 
all sites were estimated according to 
duration of diagnosed diabetes adjusting 
for selected covariates. To account for the 
possible nonlinear association between 



duration of diagnosed diabetes and prev- 
alence of cancer, we conducted log linear 
regression analyses using a cubic spline 
with four knots at duration of diagnosed 
diabetes: p5, p25, p75, and p95. The 
unadjusted prevalence, age-adjusted 
prevalence, and multiple variable-adjusted 
prevalence for cancers of all sites were es- 
timated by type of diabetes. 

Secondary analyses were conducted 
among men and women with type 2 
diabetes to estimate unadjusted preva- 
lence and adjusted PRs (95% CI) for 
cancers of all sites and cancer of specific 
sites/tracts in relation to duration of di- 
agnosed diabetes (<15 vs. >15 years) 
and current insulin use (use vs. no use). 
The PRs and 95% CIs were estimated us- 
ing log linear regression models with a ro- 
bust variance estimator among men and 
women adjusted for selected covariates. 

The linear trends in the means, per- 
centages, or prevalences by duration of 
diagnosed diabetes in the total sample 
or differences in prevalences by type of 
diabetes and current insulin use among 
men and women with type 2 diabetes 
were tested by using orthogonal polyno- 
mial contrasts. We conducted all analyses 
using SAS (version 9.2) and SUDAAN 
software (Release 10.0; Research Triangle 
Institute, Research Triangle Park, NC). 
Sample weights were used to account for 
the varying probabilities of complex sam- 
pling design and nonresponse. We con- 
sidered results with a two-tailed P value 
< 0.05 or an estimate of PR to be signifi- 
cantly different from 1 if the 95% CI did 
not include 1 . The P value of Bonferroni 
correction for multiple comparisons was 
set at 0.017 (i.e., 0.05/3). 

RESULTS — There were a total of 
34,424 adults with diagnosed diabetes 
participating in the survey with the di- 
abetes module. Of them, 8,460 had miss- 
ing data on diabetes age, insulin use, and 
selected covariates. The demographic 
characteristics of participants in the ana- 
lytic sample were similar to those with 
missing data. Among adults with diag- 
nosed diabetes and with complete data 
on cancer and diabetes-related covariates 
(n = 25,964), there were 11,165 men 
(weighted percentage, 52.8%), 18,673 
NH whites (65.3%), 3,575 NH blacks 
(16.0%), 2,348 Hispanics (13.1%), and 
1,368 participants with NH other race/ 
ethnicity (5.6%). Approximately 4.7% of 
adults with diagnosed diabetes were esti- 
mated to have type 1 diabetes (n = 491 
men and 721 women), 70.5% were type 
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2 diabetic without current insulin use (n = 
7,820 men and 10,475 women), and 
24.8% were type 2 diabetic with current 
insulin use (n = 2,854 men and 3,603 
women). The mean age was 58.6 years 
(median 59.0 years). The mean age at di- 
abetes diagnosis was 47.6 years (49.0 
years). The population distribution of 
age at diabetes diagnosis was approxi- 
mately symmetric around its median. 
Among adults with diagnosed diabetes 
and cancer, the mean age at cancer diag- 
nosis was 61.5 years (61.8 years). 

After adjustment for selected covariates, 
there was an increasing trend in the 
adjusted PRs for cancers of all sites by 



duration of diagnosed diabetes among men 
(P < 0.0001 for linear trend) (Fig. 1A) and 
women (P < 0.0001 for linear trend) (Fig. 
IB). The results of spline regression anal- 
yses indicated that the adjusted PRs of can- 
cer increased among men with a diabetes 
diagnosis >1 and <15 years and leveled 
off or slightly decreased among men with a 
diabetes diagnosis >15 years compared 
with those with a diabetes diagnosis <1 
year (Fig. 1C). Similarly, the adjusted PRs 
of cancer increased among women with a 
diabetes diagnosis >1 year and <15 years 
and leveled off or slightly increased among 
women with a diabetes diagnosis >15 
years (Fig. ID). 



The unadjusted prevalence for cancers 
of all sites among men with type 2 diabetes 
and current insulin use was higher than 
those with either type 1 diabetes (P < 
0.001) or those with type 2 diabetes and 
no current insulin use (P < 0.001) among 
both men and women (Fig. 2). After adjust- 
ment for age, the difference in the preva- 
lence estimates for cancers of all sites 
remained between adults with type 2 dia- 
betes with current insulin use and those 
with type 2 diabetes with no current in- 
sulin use among men (P < 0.001) and 
women (P < 0.001). After adjustment 
for age and all other selected covariates, 
the difference in the prevalence estimates 
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Figure 1 — Adjusted PRs (APRs) of diagnosed cancer in relation to duration of diagnosed diabetes among men (A and C) and women (B and D) with 
diagnosed diabetes (BRFSS 2009). A and B: Duration of diagnosed diabetes is categorized into 0-4, 5-9, 10-14, and > 15 years. #, Point estimates 
of prevalence ratios; O, referent groups, which are participants with duration of diagnosed diabetes <1 year. Vertical bars indicate 95% Cls. C and 
D: Duration of diagnosed diabetes is in its original continuous scale. Estimates were obtained from log linear regression analyses using a cubic spline 
with four knots at duration of diagnosed diabetes 0, 3, 15, and 30 years among men and 0, 3, 16, and 33 years among women. Solid lines represent 
point estimates of PRs. Referent groups are participants with duration of diagnosed diabetes < 1 year. Dashed lines indicate 95% Cls. Adjusted for age 
(continuous, year, centered at mean age of 58 years for men and 59 years for women), age squared, race/ ethnicity (NH white, NH black, Hispanic, or 
NH other), educational attainment (less than high school, high school, or some college or above), health insurance (any vs. none), smoking status 
(current smoker, former smoker, or never smoked), heavy drinking (yes or no), obesity (yes or no), leisure-time physical activity (any vs. none), 
a combination of employment status and work-related physical activity (employed at a job spent mostly sitting or standing, employed at a job spent 
mostly walking or performing heavy labor or doing physically demanding tasks, or not employed), current insulin use (yes or no), and state code. 
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Figure 2 — Unadjusted and adjusted prevalence estimates of self-reported cancer according to diabetes types among men (A) and women (B) 
(BRFSS 2009). Prevalence and 95% CIs were adjusted for age (continuous, year, centered at mean age of 58 years for men and 59 years for women), 
age squared, race/ethnicity (NH white, NH black, Hispanic, or NH other), educational attainment (less than high school, high school, or some 
college or above), health insurance (any vs. none), smoking status (current smoker, former smoker, or never smoked), heavy drinking (yes vs. no), 
obesity (yes vs. no), leisure-time physical activity (any vs. none), a combination of employment status and work-related physical activity (employed 
for a job mostly sitting or standing, employed for a job mostly walking or heavy labor or physically demanding, or not employed), duration of 
diagnosed diabetes (years), and state code. P value of Bonferroni correction for multiple comparisons among diabetes types is set at 0.05/3 = 0.01 7. 



for diagnosed cancers of all sites among 
adults with different types of diabetes 
was attenuated. There was no statistically 
significant difference in prevalence esti- 
mates for diagnosed cancers of all sites 
across diabetes types (all P values > 0.0 17 
after Bonferroni correction for multiple 
comparisons). 

Among both men and women with 
type 2 diabetes, the prevalence estimates 
for cancers of all sites were significantly 
higher among those who had diabetes 
>15 years than among those who had di- 
abetes < 15 years after adjustment for all 
selected covariates (Table 1). Specifi- 
cally, the prevalence was estimated 
to be significantly higher among adults 
who had diabetes >15 years for colon 
cancer, melanoma, nonmelanoma skin 
cancer, and cancer of urinary tract among 
men and the cancers of the breast, female 
reproductive tract, and skin among 
women than those who had diabetes 
<15 years. 

Among both men and women with 
type 2 diabetes, the prevalence estimate 
for cancers of all sites was -1.5 times 
higher among those who used insulin than 
those who did not use insulin after ad- 
justment for demographic characteristics 
and selected health risk factors (model 1 
[Table 2]). The associations between cur- 
rent insulin use and cancers of all sites and 
cancers of specific sites or tracts appear to 
attenuate after further adjustment for du- 
ration of diagnosed diabetes (model 2 
[Table 2]). However, current insulin 



use remained significantly associated 
with increased prevalence of cancers of 
all sites among both men and women 
and increased prevalence of skin cancer 
(both melanoma and nonmelanoma) 
among men and cancer of the reproduc- 
tive tract among women (all P values 
<0.05). 

CONCLUSIONS— We used a large 
population-based sample of U.S. adults 
with self-reported diagnosed diabetes, 
and our results indicate that duration of 
diagnosed diabetes was significantly as- 
sociated with self-reported cancers of all 
sites in both men and women. Analyses 
of adults with type 2 diabetes found an 
estimated 1.6-fold increased prevalence 
for cancers of all sites among men >15 
years after diabetes diagnosis compared 
with men who had received a diabetes di- 
agnosis within the past 15 years. Simi- 
larly, we found an estimated 1.8-fold 
increased prevalence for cancers of all 
sites among women with type 2 diabetes 
who had lived >15 years since receiving a 
diabetes diagnosis compared with women 
who received a diabetes diagnosis within 
the past 15 years. We found a 1.3-fold 
increased prevalence of cancers of all sites 
among both men and women with type 2 
diabetes who currently used insulin com- 
pared with those who did not currently 
use insulin; the association between cur- 
rent insulin use and cancer appeared to be 
confounded, in part, by duration of diag- 
nosed diabetes. 



It is worth commenting on the differ- 
ences between the findings of prevalence 
or PRs in our cross-sectional study and 
that of incidence, incidence rate ratios, or 
hazard ratios in two recent longitudinal 
studies (14,15). Carstensen and collea- 
gues (14) and Johnson and colleagues 

(15) have shown that cancer incidence ra- 
tios or hazard ratios are highest among 
patients within 1 year of diabetes diagno- 
sis and decreasing or leveling off after 2 
years of diagnosis compared with persons 
without diabetes. Those results based on 
longitudinal data are useful in the assess- 
ment of new cancer events and temporal 
relations between diabetes and cancer 

(16) . In contrast, our results based on 
cross-sectional data are useful in the as- 
sessment of existing cancer state (newly 
diagnosed, in active treatment, have com- 
pleted active treatment, and living with 
progressive symptoms), cancer burden, 
or cancer survivorship according to dura- 
tion of diagnosed diabetes and current in- 
sulin use. These cross-sectional findings 
may also be helpful in hypothesis screen- 
ing for the possible association between 
diabetes and cancer (16). 

Our population-based study focusing 
on the prevalence estimates of self-reported 
diagnosed cancer according to duration 
of diagnosed diabetes may provide addi- 
tional support for a possible link between 
diabetes and cancer. Duration of diag- 
nosed diabetes may represent a composite 
surrogate of the cumulative mixed effects 
related to underlying causes and treatment 
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Table 1 — Unadjusted prevalences and adjusted PRsfor cancers of all sites according to duration of diagnosed diabetes among men and women 
with type 2 diabetes 





Unadjusted prevalence 




Adjusted PR (95% CI) 


Cancer type and site/tract 


<15 years 


>15 years 


P 


Model 1* 


Model 2t 


Men (N= 10,674) 


All cancers 


7.63 (0.46) 


21.45 (1.54) 


<0.0001 


1.7 (1.4-2.0) 


1.6 (1.3-1.9) 


Breast 


0.05 (0.04)$ 


0.27 (0.18)$ 


NA§ 


NA 


NA 


Male reproductive 


2.51 (0.32) 


7.39 (1.28) 


0.0002 


1.4(1.0-2.1) 


1.5 (1.0-2.2) 


Prostate 


2.49 (0.32) 


7.27 (1.28) 


0.0007 


1.4(1.0-2.1) 


1.5 (1.0-2.2) 


Head/neck 


0.36 (0.11) 


0.45 (0.20)$ 


NA 


NA 


NA 


Gastrointestinal 


0.85 (0.12) 


3.23 (0.63) 


0.0002 


2.4(1.5-3.7) 


2.3 (1.4-3.9) 


Colon 


0.60 (0.10) 


2.68 (0.61) 


0.0008 




2.9(1.6-5.1) 


Leukemia/lymphoma 


0.28 (0.12)$ 


0.53 (0.20)$ 


NA 


NA 


NA 


Melanoma 


0.74 (0.12) 


2.17(0.43) 


0.0013 


2.2 (1.3-3.6) 


1.7(1.0-2.9) 


Other skin cancer 


1.33 (0.15) 


3.76 (0.55) 


<0.0001 


1.9 (1.3-2.8) 


1.6 (1.1-2.3) 


Lung 


0.22 (0.07)$ 


0.35 (0.11)$ 


NA 


NA 


NA 


Urinary 


0.42 (0.09) 


1.50 (0.41) 


0.01 


2.6(1.3-5.0) 


2.4(1.1-5.2) 


Other 


0.79 (0.15) 


1.12 (0.27) 


0.29 


1.0 (0.6-1.9) 


1.1 (0.6-2.2) 


Women (N = 14,078) 


All cancers 


6.69 (0.44) 


15.58 (0.94) 


<0.0001 


1.9(1.6-2.2) 


1.8(1.5-2.1) 


Breast 


1.88 (0.20) 


5.32 (0.58) 


<0.0001 


2.0(1.5-2.8) 


2.0(1.5-2.8) 


Female reproductive 


1.05 (0.26) 


1.89 (0.37) 


0.062 


2.5 (1.6-4.1) 


2.3 (1.4-3.8) 


Head/neck 


0.24 (0.06) 


0.32 (0.10) 


0.46 


1.1 (0.5-2.2) 


1.0 (0.4-2.5) 


Gastrointestinal 


0.85 (0.17) 


1.46 (0.26) 


0.049 


1.5 (0.9-2.6) 


1.4 (0.8-2.3) 


Colon 


0.63 (0.14) 


1.12 (0.22) 


0.063 


1.5 (0.8-2.8) 


1.4 (0.8-2.4) 


Leukemia/lymphoma 


0.28 (0.10)$ 


0.48 (0.18) 


NA 


NA 


NA 


Melanoma 


0.48 (0.12) 


1.17(0.38) 


0.084 


1.7(0.9-3.4) 


1.7(0.8-3.5) 


Other skin cancer 


0.90 (0.12) 


2.98 (0.43) 


<0.0001 




2.5 (1.6-3.9) 




0.16(0.04) 


0.21 (0.11)$ 


NA 


NA 


NA 


Other 


0.57 (0.13) 


1.01 (0.23) 


0.096 


1.3 (0.7-2.5) 


1.1 (0.6-2.2) 



Data are percent (SE) unless otherwise indicated. Data are from BRFSS 2009 (10). *Adjusted for age (continuous, year, centered at mean age of 58 years for men and 59 
years for women), age squared, race/ethnicity (NH white, NH black, Hispanic, or NH other), educational attainment (less than high school, high school, or some 
college or above), health insurance (any or none), smoking status (current smoker, former smoker, or never smoked), heavy drinking (yes or no), obesity (yes or no), 
leisure-time physical activity (any or none), a combination of employment status and work-related physical activity (employed at a job spent mostly sitting or standing, 
employed at a job spent mostly walking or performing heavy labor or doing physically demanding tasks, or not employed), and state code, f Adjusted for all covariates 
in model 1 and current insulin use. $Does not meet the standard of statistical reliability and precision (i.e., relative SE >30%). §Estimates are not shown owing to lack 
of statistical precision. 



of diabetes and exposures to environmen- 
tal hazards and health risk factors. A recent 
study has shown that diabetes duration is 
related to -40% increased risk of all-cause 
mortality among diabetic men aged 60-79 
years (17). The significant dose-response 
relationship between duration of diag- 
nosed diabetes and cancer prevalence as 
shown in our study suggests that long- 
term exposure to diabetes-specific factors 
(e.g., hyperglycemia or HbA lc levels, insu- 
lin resistance, use of antidiabetes medica- 
tions, health and behavioral risk factors, 
worsening lipid and lipoprotein profiles, 
and chronic complications) and possible 
synergistic effects among these factors 
may provide further support for the asso- 
ciation between diabetes and cancer (1,2). 



In addition, it is possible that certain en- 
vironmental factors (e.g., pesticides) may 
be related to both diabetes and cancer 
(18,19). Moreover, findings of animal 
studies suggest some possible genetic 
links between type 2 diabetes and cancer 
(20). 

Although studies have shown that 
people with type 1 diabetes have increased 
incidence for cancers of the pancreas, 
stomach, cervix, endometrium, skin, and 
leukemia (21,22), relatively little is known 
about the association of type 1 diabetes 
with cancer compared with type 2 diabetes. 
The higher prevalence of cancer among 
people with type 2 diabetes, particularly 
those who use insulin, compared with 
those with type 1 diabetes suggests that 



insulin resistance and unhealthy lifestyle 
habits may play a role in these associations 
(23). There are distinct etiologies and 
some differences in lifestyle factors be- 
tween persons with type 1 and type 2 di- 
abetes (24). Further research may be 
warranted on the association between di- 
abetes types and cancer, since persons 
with type 1 diabetes and persons with 
type 2 diabetes share many similarities in 
clinical manifestations, medical treatment, 
and health outcomes despite differences in 
the etiology and lifestyle factors (24). 

Previous meta-analyses have shown 
that the risk of colorectal cancer is -30% 
higher and the risk of bladder cancer is 
-24% higher in people with diabetes than 
those without diabetes (25,26). Our 
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Table 2 — Unadjusted prevalences and adjusted PRsfor cancers of all sites according to current insulin use status among men and women with 
type 2 diabetes 





Unadjusted prevalence 




Adjusted PR (95% CI) 


Cancer type and site/tract 


Insulin use 


No insulin use 


P 


Model 1* 


Model 2t 


Men (N= 10,674) 


All cancers 


15.28 (1.21) 


9.31 (0.57) 


<0.0001 


1.5 (1.2-1.8) 


1.3 (1.1-1.6) 


Breast 


0.38 (0.20)$ 


Rare§ 


NA|| 


NA 


NA 


Male reproductive 


4.07 (0.82) 


3.49 (0.44) 


0.54 


1.0 (0.7-1.6) 


0.9 (0.6-1.4) 


Prostate 


4.93 (0.82) 


3.48 (0.44) 


0.63 


1.0 (0.6-1.5) 


0.9 (0.5-1.5) 


Head/neck 


0.68 (0.30)$ 


0.28 (0.08) 


NA 


NA 


NA 


Gastrointestinal 


1.92 (0.33) 


1.22 (0.21) 


0.071 


1.4 (0.8-2.3) 


1.1 (0.6-1.9) 


Colon 


1.31 (0.25) 


1.00 (0.20) 


0.35 




0.9 (0.5-1.6) 


Leukemia/lymphoma 


0.63 (0.33)$ 


0.23 (0.07)$ 


NA 


NA 


NA 


Melanoma 


1.93 (0.41) 


0.78 (0.11) 


0.007 


2.5 (1.5-4.0) 


2.1 (1.2-3.5) 


Other skin cancer 


3.05 (0.49) 


1.50 (0.16) 


0.0027 


2.1 (1.4-3.1) 


1.8(1.3-2.7) 


Lung 


0.50 (0.18)$ 


0.16(0.05)$ 


NA 


NA 


NA 


Urinary 


1.04 (0.31) 


0.55 (0.12) 


0.14 


1.6(0.7-3.6) 


1.3 (0.5-3.0) 


Other sites 


0.80 (0.25) 


0.89 (0.16) 


0.75 


0.8 (0.4-1.5) 


0.7(0.4-1.6) 


Women (N = 14,078) 


All cancers 


12.49 (0.86) 


7.96 (0.47) 


<0.0001 


1.5 (1.3-1.8) 


1.3 (1.1-1.5) 


Breast 


3.61 (0.44) 


2.53 (0.25) 


0.032 


1.2 (0.9-1.7) 


1.0 (0.7-1.4) 


Female reproductive 


1.78 (0.43) 


1.12 (0.25) 


0.18 


2.0(1.2-3.6) 


1.7(1.0-3.2) 


Head/neck 


0.38 (0.13)$ 


0.22 (0.06) 


NA 


NA 


NA 


Gastrointestinal 


1.51 (0.28) 


0.86 (0.17) 


0.048 


1.7(1.0-2.8) 


1.6(0.9-2.6) 


Colon 


1.18(0.24) 


0.63 (0.14) 


0.048 


1.7(1.0-3.0) 


1.6(0.9-2.6) 


Leukemia/lymphoma 


0.39 (0.15)$ 


0.32 (0.09) 


NA 


NA 


NA 














Melanoma 


0.79 (0.25) 


0.62 (0.16) 


0.56 


1.4 (0.7-2.8) 


1.2 (0.5-2.6) 


Other skin cancer 


1.80 (0.33) 


1.33 (0.16) 


0.20 




1.0 (0.6-1.6) 




0.28 (0.12)$ 


0.14(0.04) 


NA 


NA 


NA 


Other sites 


1.18(0.28) 


0.54 (0.12) 


0.034 


1.8(1.0-3.3) 


1.8(1.0-3.2) 



Data are percent (SE) unless otherwise indicated. Data are from BRFSS 2009 (10). *Adjusted for age (continuous, year, centered at mean age of 58 years for men and 59 
years for women), age squared, race/ethnicity (NH white, NH black, Hispanic, and other), educational attainment (less than high school, high school, or some college 
or above), health insurance (any or none), smoking status (current smoker, former smoker, and never smoked), heavy drinking (yes or no), obesity (yes or no), leisure- 
time physical activity (any or none), a combination of employment status and work-related physical activity (employed at a job spent mostly sitting or standing, 
employed at a job spent mostly walking or performing heavy labor or doing physically demanding tasks, or not employed), and state code, f Adjusted for all covariates 
in model 1 and duration of diagnosed diabetes. $Does not meet the standard of statistical reliability and precision (i.e., relative SE >30%). §Rare, i.e., prevalence 
estimate is between 0 and 0.01%. HEstimates are not shown owing to lack of statistical precision. 



results provide insight into the associa- 
tion between duration of diagnosed dia- 
betes and diagnosed cancer in type 2 
diabetes such that men who had type 2 
diabetes diagnosis for >15 years had 
more than threefold higher prevalence 
for colon cancer and nearly threefold 
higher prevalence for cancer of urinary 
tract (including both bladder and kidney) 
than men who had type 2 diabetes diag- 
nosis <15 years. However, the associa- 
tion between duration of diagnosed 
diabetes and cancers of the colon and 
the urinary tract was weak among women 
with type 2 diabetes. It is unknown why 
the association between duration of diag- 
nosed diabetes and colon cancer and uri- 
nary tract cancer prevalence differed 



between men and women; however, pre- 
vious studies have suggested that there 
are differences between men and women 
in colon cancer and bladder cancer sur- 
vival and health-related risk factors (27- 
31), which may in part contribute to the 
sex differences in the association between 
duration of diagnosed diabetes and can- 
cers of the colon and urinary tract. 

As shown in meta-analyses (32), there 
is -20% increased risk of breast cancer 
and a nearly twofold increased risk of en- 
dometrial cancer among women with di- 
abetes compared with women without 
diabetes. Our results provide insight by 
showing an approximately twofold higher 
prevalence of cancers of the breast and the 
reproductive tract among women >15 



years post-diagnosis of type 2 diabetes 
compared with women still in the first 
15 years since type 2 diabetes diagnosis. 
These results support the notion that ex- 
posure to a high circulating concentration 
of insulin might result in mitogenic effects 
on breast tissue that stimulate the growth 
of endometrial stromal cells (33,34). 

One of the unique findings in our 
study was the strong association of dura- 
tion of diagnosed diabetes with skin cancer 
among men and women with type 2 di- 
abetes. A previous study on patients hos- 
pitalized for type 1 diabetes in Sweden 
noted a fivefold increased risk of squa- 
mous cell skin cancer among persons with 
type 1 diabetes compared with those with- 
out diabetes (22). A recent study reported a 
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risk of malignant melanoma in persons 
with diabetes compared with those with- 
out the disease (35). Clinical studies have 
shown that cutaneous manifestations are 
common among people with diabetes 
(36). Future research is warranted to de- 
termine whether there are biological 
mechanisms linking cutaneous manifesta- 
tions of diabetes and development of skin 
cancers or whether the cutaneous mani- 
festations of diabetes increase the proba- 
bilities of early clinical detections for skin 
cancers. 

Inconsistent findings on the associa- 
tion between insulin use and risk of 
cancer in type 2 diabetes have been repor- 
ted in recent clinical trials (4,5,7-9). 
A German cohort study suggested a 
dose-response relation such that those 
taking higher doses of insulin glargine 
(Lantus) had an increased risk for cancer 
incidence compared with those pre- 
scribed human insulin and that both in- 
sulin glargine and human insulin were 
related to an increased risk of cancer in- 
cidence and mortality (4). A U.K. study 
suggested that insulin-based regimens 
may be associated with -40% higher 
risk of all cancers, 70% higher risk of co- 
lorectal cancer, and fivefold higher risk of 
pancreatic cancer compared with metfor- 
min monotherapy (5). Swedish and Scot- 
tish studies did not detect a significant 
association between insulin glargine 
alone or insulin glargine in combination 
with other insulin and cancer incidence 
compared with treatment with nonglar- 
gine insulin (7,8). In contrast, researchers 
reported that insulin use was associated 
with reduced cancer risk among Chinese 
patients with type 2 diabetes (9). Our re- 
sults showing -30% elevated cancer 
prevalence in both men and women 
who were currently treated with insulin 
compared with those who were not cur- 
rently treated with insulin, even after ad- 
justment for duration of diagnosed 
diabetes, are similar to some findings 
from previous studies and suggest 
a need for further research into a possible 
link between insulin use, particularly insu- 
lin analogs, and increased risk of cancer. 

The major strength of our study was 
the use of a large population-based sam- 
ple, which enabled us to provide stable 
estimates of cancer prevalence among 
adults with diabetes in the general pop- 
ulation. There were also several limita- 
tions. First, in this cross-sectional study 
persons who self-reported diagnosed can- 
cer were cancer survivors and included 
those who were newly diagnosed and 



those who had a preexisting condition. 
Persons who died of cancer were excluded 
in this self-reported cross-sectional survey. 
Therefore, these results based on the prev- 
alence of diagnosed cancer suggest cross- 
sectional associations and preclude causal 
associations between duration of diag- 
nosed diabetes or current insulin use and 
cancer. Available information on the age at 
diabetes diagnosis and age at cancer di- 
agnosis in our study was useful for iden- 
tifying participants who had cancer prior 
to diabetes and, hence, excluding them 
from the analyses. Second, diagnosed di- 
abetes, age at diagnosis of diabetes or 
cancer, current insulin use, and cancer 
types were self-reported by survey partic- 
ipants; thus, recall bias may be possible. 
Although there is substantial agreement in 
the determinations of diabetes and cancer 
status based on self-reports and physician 
diagnoses (37,38), misclassification bias 
of the diabetes and cancer status could 
have resulted in the underestimation of 
our results. Third, duration of diagnosed 
diabetes may not represent actual duration 
of exposure to diabetes because people 
may be asymptomatic for many years be- 
fore medical diagnosis. Indeed, -27% of 
people with diabetes are undiagnosed 
(39). In addition, recall bias on duration 
of diagnosed diabetes may also be possible 
because persons with a recent diagnosis of 
diabetes probably remembered the year of 
diagnosis better than those with an earlier 
diagnosis. Fourth, information on the 
type, dosage, and duration of using insulin 
and other medications (e.g., oral agents) 
was unavailable in our data; therefore, we 
were unable to identify their possible con- 
founding effects for the associations be- 
tween insulin use and cancer prevalence. 
Drug use indication bias and prevalent 
user bias may be possible when assessing 
these associations using cross-sectional 
health survey data (40). Fifth, because 
weight, height, smoking, drinking, and 
physical activity were also self-reported 
by participants at the time of interview, 
they may not reflect the status at the 
time when diabetes or cancer was diag- 
nosed and may be subject to possible so- 
cial desirability bias. Sixth, the BRFSS 
survey excludes adults who have been in- 
stitutionalized or are hospitalized and 
those with only mobile telephones. Be- 
cause these adults are more likely to be 
of low socioeconomic status or to have 
severe physical or mental illness, this ex- 
clusion may have led us to underestimate 
the true prevalence of cancer among 
U.S. adults with diabetes. Approximately 



one-fourth of adults with diagnosed dia- 
betes had missing data, which may po- 
tentially introduce bias to our estimates. 
Since subpopulation analyses (or domain 
analyses) take the variability due to miss- 
ing data into account by using the entire 
sample in estimating the variance of do- 
main estimates, this bias could be minimal. 

In conclusion, using data from a large 
population-based survey we found that 
duration of diagnosed diabetes was sig- 
nificantly and positively associated with 
the prevalence of cancers of all sites and of 
some specific sites. Furthermore, current 
insulin use was also significantly associ- 
ated with elevated prevalence of cancers 
of all sites and some specific sites. These 
findings provide support for a possible 
relationship between diabetes and cancer. 
While our cross-sectional results pro- 
vide useful information for an associa- 
tion between duration of diagnosed 
diabetes or current insulin use and can- 
cer prevalence, further clinical research 
with a longitudinal design is warranted to 
confirm a possible causal link between 
diabetes and cancer. 
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